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Association of ChemoradiotherapyWith Outcomes Among
PatientsWith Stage I to II vs Stage III Small Cell Lung Cancer
Secondary Analysis of a Randomized Clinical Trial
Ahmed Salem, FRCR; HiteshMistry, PhD; Matthew Hatton, FRCR; Imogen Locke, FRCR;
Isabelle Monnet, MD; Fiona Blackhall, PhD; Corinne Faivre-Finn, PhD
IMPORTANCE There is limited evidence to guide stage I to II small cell lung cancer (SCLC)
treatment.
OBJECTIVE To examine the characteristics and outcomes among patients with stage I to II
SCLC treated with modern chemoradiotherapy.
DESIGN, SETTING, AND PARTICIPANTS In this post hoc secondary analysis of the Concurrent
Once-Daily vs Twice-Daily Radiotherapy Trial (CONVERT), a multicenter phase 3 trial
conducted in patients with limited-stage SCLC from April 7, 2008, to November 29, 2013,
patients with TNM stage I to II SCLC were compared with those with stage III disease. Data
analysis was performed fromNovember 1, 2017, to February 28, 2018.
INTERVENTIONS In CONVERT, patients were randomized to receive twice-daily (45 Gy in 30
fractions) or once-daily (66 Gy in 33 fractions) chemoradiotherapy. Prophylactic cranial
irradiation (PCI) was offered, if indicated.
MAIN OUTCOMES ANDMEASURES The primary trial end point was overall survival (OS). TNM
staging information was collected prospectively; this was an unplanned analysis because
stratification was not performed according to TNM stage.
RESULTS A total of 509 (277 [54.4%]men; mean [SD] age, 61.5 [8.3] years) of 543 patients
(93.7%) with TNM staging information were eligible for this subgroup analysis, and 86 of the
509 (16.9%) had TNM stage I to II disease. Themedian gross tumor volumewas smaller in
patients with stage I to II disease (38.4 cm3; range, 2.2-593.0 cm3) compared with patients
with stage III disease (93 cm3; range, 0.5-513.4 cm3) (P < .001). No other significant
differences were found in baseline and treatment characteristics and chemoradiotherapy
adherence between the 2 groups or the number of patients with stage I to II disease (78
[90.7%]) and stage III disease (346 [81.8%]) who received PCI (P = .10). Patients with stage I
to II disease achieved longer OS (median, 50months [95% CI, 38 to not reachedmonths]
vs 25months [95% CI, 21-29months]; hazard ratio, 0.60 [95% CI, 0.44-0.83]; P = .001)
compared with patients with stage III disease. In patients with stage I to II disease, no
significant survival difference was found between the trial arms (median, 39months in the
once-daily arm vs 72months in the twice-daily arm; P = .38). Apart from lower incidence of
acute esophagitis in patients with stage I to II disease compared with patients with stage III
disease (grade 3, 9 [11.3%] vs 82 [21.1%]; P < .001), the incidences of acute and late toxic
effects were not significantly different.
CONCLUSIONS AND RELEVANCE Patientswith stage I to II SCLC in CONVERT achieved long-term
survival with acceptable toxic effects after chemoradiotherapy and PCI. This study suggests that
patientswith stage I to II small cell lung cancer treatedwithmodern chemoradiotherapy have
better outcomes comparedwith patientswith stage III disease, providing information that
practitioners can potentially give their patients to aid clinical decisions.
TRIAL REGISTRATION ClinicalTrials.gov identifier: NCT00433563
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S
mall cell lung cancer (SCLC) accounts for 10% to 20%of
lung cancer cases.1 A 2-tier staging system, introduced
bytheVeteransAdministrationLungCancerStudy,2clas-
sifies disease into limited or extensive stage according to
whether the tumor is localized to one hemithorax. On the ba-
sis of several meta-analyses and landmark trials,3-7 standard
treatment for limited-stage SCLC is chemoradiotherapyusing
twice-daily radiotherapy delivered earlywith chemotherapy.
Patients with treatment response should also be offered pro-
phylactic cranial irradiation (PCI).8
TheUnion for InternationalCancerControl/AmericanJoint
Committee on Cancer (UICC/AJCC), based on an Interna-
tional Association for the Study of Lung Cancer analysis, rec-
ommended the use of TNM staging for SCLC in 2009 because
itprovidesadditionalprognostic information.9,10Patientswith
limited-stage SCLC are a heterogeneous population that in-
cludesearly (TNMstages I-II) and locally advanced (TNMstage
III) tumors.
To date, there are no data on the proportion or outcome
of patients with stage I to II disease included in trials that es-
tablishedchemoradiotherapyas standard treatment,6,11,12 lim-
iting theevidence toguidestage I to II SCLCmanagement.Lim-
ited evidence supports a role for surgical resection in patients
with resectable stage I to II SCLC,13-21which is reflected in on-
cology practice guidelines.22-24However, there is no consen-
sus on the optimal postsurgery adjuvant therapeutic ap-
proach for thesepatients.25,26Thus, the roleof surgery in stage
I to II SCLC is not clearly defined, and international practice is
variable.17,25
The outcome of patients with stage I to II SCLC treated
with chemoradiotherapyhasnot been reported, toour knowl-
edge, since the adoption of TNM staging, the use of flude-
oxyglucose F 18–labeled positron emission tomography
(FDG-PET) for staging, the omission of elective nodal irradia-
tion, and thewidespreaduseof conformal radiotherapy.Toad-
dress these issues and inform clinical practice, we performed
a secondary analysis of the Concurrent Once-Daily vs Twice-
Daily Radiotherapy Trial (CONVERT) (ClinicalTrials.gov
identifier:NCT00433563) toestablish thecharacteristics, treat-
ment, and outcomes among patients with stage I to II SCLC.
CONVERT was a randomized clinical trial that assigned pa-
tients with limited-stage SCLC and good performance status
to receive twice-daily or once-daily radiotherapy concur-
rently with chemotherapy. CONVERTwas designed to estab-
lish a standard chemoradiotherapy regimen for limited-stage
SCLC, demonstrating that survival outcomeswerenot signifi-
cantly different between twice-daily and once-daily radio-
therapy, with lower than expected toxic effects.4
Methods
Study Design
Full details of the CONVERT design were previously
published.27 In summary, CONVERTwas amulticenter, inter-
national, randomized, phase 3 trial. Eligible patients were 18
yearsorolder,hadhistologicallyorcytologicallyconfirmedlim-
ited-stage SCLC (Veterans Administration Lung Cancer Study
definition),2 andhad anEasternCooperativeOncologyGroup
performance status of 0 to 1. Patientswith a performance sta-
tus of 2 because of cancer-related symptomswere included at
the discretion of the local investigator. All patients under-
went baseline physical examination, chest radiography, tho-
rax and upper abdominal computed tomography (CT), brain
imaging (CT or magnetic resonance imaging), and complete
blood cell count and biochemical profile. Patients were re-
quired to have satisfactory pulmonary functions (forced ex-
piratory volume in 1 second >1 L/40% predicted, transfer fac-
tor for carbonmonoxide>40%predicted). Amaximumofone
of the following adverse serum biochemical findings was
allowed: alkaline phosphatase level more than 1.5 times the
upper limit of normal, sodium level less than the lower limit
of normal, and lactate dehydrogenase level greater than the
upper limit of normal. Staging FDG-PET was allowed but not
mandated. This trial was conducted following National
Research Ethics Service Committee North West–Greater
Manchester Central approval in accordance with the Decla-
ration of Helsinki28 and good clinical practice guidelines. All
patients provided written informed consent, and data were
deidentified. Additional trial details can be found in the pro-
tocol in Supplement 1.
Tumor and nodal stage data were collected at the time of
entry into the trial according toAJCC’sCancer StagingManual,
7th edition.29This current analysiswas anunplanned second-
ary analysis of patients with TNM stage I to II SCLC because
stratification was not performed according to TNM stage in
CONVERT. We hypothesized that the outcomes among these
patients would be significantly superior to those among
patients with stage III disease. We analyzed data from
CONVERT toestablish the characteristics, treatment, andout-
comes of patients with stage I to II SCLC compared with
patients with stage III disease.
Treatment and Follow-up
From April 7, 2008, to November 29, 2013, a total of 547 pa-
tients were randomly assigned (usingminimizationmethod)
1:1 to receive concurrent twice-daily radiotherapy (45Gy in 30
twice-daily fractions for 3 weeks, 5 days per week [to convert
Key Points
Question What are the characteristics and outcomes among
patients with stage I to II small cell lung cancer treated with
chemoradiotherapy?
Findings In this secondary analysis of the Concurrent Once-Daily
vs Twice-Daily Radiotherapy Trial, among 509 patients, those with
stage I to II small cell lung cancer achieved longer overall survival
than did patients with stage III disease, with acceptable adverse
effects after chemoradiotherapy and prophylactic cranial
irradiation.
Meaning The findings suggest that patients with stage I to II small
cell lung cancer treated with modern chemoradiotherapy have
better outcomes compared with patients with stage III disease,
providing information that practitioners can potentially give to
their patients to aid clinical decisions.
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gray to rad, multiply by 100]) or once-daily radiotherapy (66
Gy in 33 daily fractions for 6.5 weeks, 5 days per week) from
day 22 of chemotherapy cycle 1. A total of 543 patients were
included in the modified intention-to-treat survival analysis
in CONVERT (273 in the twice-daily radiotherapy group and
270 in theonce-daily radiotherapy group). Four patientswere
lost to follow-up because centers did not return their case re-
port forms. Detailed trial results were published previously.4
Data analysis for this secondary analysiswas performed from
November 1, 2017, to February 28, 2018.
Three-dimensional conformal radiotherapy was man-
dated, and intensity-modulated radiotherapy was per-
mitted. Inhomogeneity corrections were applied during the
radiotherapy process. Elective nodal irradiation was not al-
lowed.A radiotherapyquality assuranceprogrammanagedby
theUKNationalCancerResearch InstituteRadiotherapyTrials
Quality Assurance team was integrated into this trial.27 Che-
motherapywas identical in both arms and consisted of 4 to 6
cycles (center choice) of cisplatin, 25mg/m2 intravenously on
days 1 to 3 or 75 mg/m2 intravenously on day 1, and etopo-
side, 100mg/m2 intravenously ondays 1 to 3 repeated every 3
weeks. Prophylactic cranial irradiation was offered to pa-
tients without evidence of progressive disease on CT (within
4weeks of cycle 4) no later than 6weeks after the last chemo-
therapy cycle. The PCI dose and fractionationwere left to the
discretion of the local investigator. Clinical follow-up assess-
ments consistedofweekly reviewuntil resolutionof acute ad-
verse effects, then 3-monthly reviews until 1 year after ran-
domization and 6-monthly reviews thereafter. Thorax and
upperabdominalCTwas requiredat6and12monthsafter ran-
domization and thereafter as clinically indicated. Radiologic
response was assessed using Response Evaluation Criteria in
Solid Tumours.30
Statistical Analysis
The primary trial end point was overall survival (OS) (defined
as time fromrandomization todeath fromanycause). Second-
ary endpointswere local progression-free survival (defined as
time fromrandomization to first clinical or radiologic evidence
of local progressionordeath) andmetastasis-free survival (de-
fined as time from randomization to first clinical or radiologic
evidence of distant metastasis or death), Common Terminol-
ogyCriteria forAdverseEvents (version3.0)31 toxic effects, and
chemotherapy and radiotherapy adherence. Acute toxic ef-
fectsweredefinedas thoseoccurring fromchemotherapycycle
1 to 3months after completion,whereas late toxic effectswere
defined as those occurring between 3months and2years after
completion of treatment.
Baselineand treatmentcharacteristics, acuteand late toxic
effects, and chemoradiotherapy adherence for patients with
stage I to II and stage III SCLC were compared using the χ2 or
Wilcoxon rank sumtest.Kaplan-Meier curveswereplotted for
each group and survival compared using the Mantel-Cox
version of the log-rank test. A competing risk regression
analysis, using Fine and Gray’s method,32 was used to
assess the correlation between stage and site of tumor pro-
gression in which the competing event was death. Subdistri-
bution hazard ratios (HRs) and P values from the Wald test
were reported. For all HRs, the proportionality assumption
was assessed using Schoenfeld residual plots. In this sub-
group analysis, results were reported for all patients on an
intention-to-treat basis. P < .05 (2-sided) was considered to
be statistically significant. All conducted statistical analyses
were reported andwere performed inR, version 3.4.1 (https://
www.r-project.org).
Results
A total of 509 of 543 patients (93.7%)with TNMstaging infor-
mationwere eligible for this secondary analysis, and86of the
509 (16.9%) had TNM stage I to II disease. Of these 86 pa-
tients, 4patients (4.7%)were stagedashavingTNMstage Idis-
ease and 82 (95.3%) as having TNM stage II disease. Thirty-
eight patients (44.2%) presented with node-positive disease
(N1). A breakdown of tumor and nodal staging for these pa-
tients is given in eTable 1 in Supplement 2. Thirty-five pa-
tients (40.7%)were randomly assigned to receive twice-daily
radiotherapy and 51 (59.3%) to receive once-daily radio-
therapy (Table 1).Table2gives thebaselineandtreatmentchar-
acteristics for both groups. The median gross tumor volume
was significantly smaller in patients with stage I to II disease
(38.4 cm3; range, 2.2-593.0 cm3) comparedwithpatientswith
stage III disease (93 cm3; range 0.5-513.4 cm3; P < .001). No
other significant differenceswere found inbaseline and treat-
ment characteristics between the 2 groups or the proportion
of patients with stage I to II (78 [90.7%]) and stage III (346
[81.8%]) SCLC who received PCI (P = .10). Baseline and treat-
ment characteristics for each trial arm inbothgroupsare given
in eTable 2 in Supplement 2.
Table 1. Treatment Delivered to Each Group and Number
Included in Analysis
Variable
Patients, No. (%)
Stage I-II Disease
(n = 86)
Stage III Disease
(n = 423)
Treatment arm
Twice daily 35 (40.7) 219 (51.8)
Once daily 51 (59.3) 204 (48.2)
Treatment delivered
Concurrent
chemoradiotherapy
79 (91.9) 382 (90.3)
Sequential
chemoradiotherapy
2 (2.3) 7 (1.7)
No radiotherapy 5 (5.8) 34 (8.0)
No. of treatment cycles
delivered
0 1 (1.2) 4 (0.9)
1 4 (4.7) 23 (5.4)
2 2 (2.3) 10 (2.4)
3 7 (8.1) 36 (8.5)
4 55 (64.0) 247 (58.4)
5 2 (2.3) 14 (3.3)
6 6 (7.0) 89 (21.0)
Included in survival analysis 86 423
Included in toxic effects analysis 85 412
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The survival analysis included 86 patients with stage I to
II disease and 423 patients with stage III disease. Median OS
was 50 months (95% CI, 38 months to not reached) in pa-
tients with stage I to II disease and 25 months (95% CI, 21-29
months) in patients with stage III disease (HR, 0.60; 95% CI,
0.44-0.83; P = .001). Two-year OS was 64% (95% CI, 54%-
75%) inpatientswith stage I to II disease vs 51% (95%CI, 46%-
56%) in patients with stage III disease. Five-year OS was 49%
(95%CI, 39%-62%) inpatientswith stage I to II disease vs 28%
(95% CI, 23%-34%) in patients with stage III disease.
Radiologic tumor response (defined as complete or par-
tial response on any follow-up CT) was not significantly dif-
ferent between patients with stage I to II disease (76%; 95%
CI, 66%-83%) andpatientswith stage III disease (77%;95%CI,
73%-81%) (P = .90). At the time of analysis, 35 of 86 patients
(40.7%)withstage I to IIdiseaseand243of423patients (57.4%)
with stage III disease had disease progression. eTable 3 in
Supplement 2 lists the type of progression sites (ie, locore-
gional vs distant) in the 2 groups and the patients who were
dead at the timeof analysis. eTable 4 in Supplement 2 lists the
sites of tumor progression in patientswith stage I to II disease
and patientswith stage III disease. Competing risk regression
showed that although locoregionalprogressionwas similarbe-
tween the 2 groups (subdistribution HR, 1.29; 95% CI, 0.70-
2.35; P = .41), distant progression was significantly more
common inpatientswith stage III disease (subdistributionHR,
1.60; 95% CI, 1.02-2.51; P = .04). Median local progression-
free survivalwas38months (95%CI,21months tonot reached)
inpatientswith stage I to II diseasevs 17months (95%CI, 15-20
months) in patients with stage III disease (HR, 0.63; 95% CI,
Table 2. Baseline and Treatment Characteristics of the 2 Study Groupsa
Characteristic
Patients With Stage I-II
Disease (n = 86)
Patients With Stage III Disease
(n = 423) P Value
Age, median (range), y 62 (29-77) 62 (34-81) NA
Sex
Male 51 (59.3) 226 (53.4)
.38b
Female 35 (40.7) 197 (46.6)
Smoking history
Never 2 (2.3) 4 (0.9)
.33bEx-smoker 49 (57.0) 269 (63.6)
Current smoker 35 (40.7) 150 (35.5)
ECOG PS
0 49 (57.0) 184 (43.5)c
.06b1 34 (39.5) 226 (53.5)
c
2 3 (3.5) 13 (3.1)c
MRC dyspnea score
0 38 (44.2) 139 (32.9)
.24b
1-2 35 (40.7) 215 (50.8)
3-4 8 (9.3) 40 (9.4)
Not assessed 5 (5.8) 29 (7)
Staging FDG-PET
No 28 (32.6) 189 (44.7)
.10bYes 58 (67.4) 233 (55.1)
c
Not known 0 1 (0.2)c
Planned No. of chemotherapy cycles
4 60 (69.8) 287 (67.8)
.82b
6 26 (30.2) 136 (32.2)
GTV, median (range), cm3 38.4 (2.2-593.0) 93 (0.5-513.4) <.001d
Concurrent 79 (91.9) 382 (90.3)
.72bSequential 2 (2.2) 7 (1.6)
No radiotherapy 5 (5.8) 34 (8.0)
IMRT
Yes 14 (16.3) 67 (15.8)
>.99b
No 72 (83.7) 356 (84.2)
Prophylactic cranial irradiation
Yes 78 (90.7) 346 (81.8)
.10bNo 6 (7.0) 59 (13.9)
Missing data 2 (2.2) 18 (4.3)
Minimum PTV dose, median (range),
%
90.0 (32-100) 87.5 (0-100)
.05d
Abbreviations: ECOG PS, Eastern
Cooperative Oncology Group
performance status;
FDG-PET, fludeoxyglucose F
18–labeled positron emission
tomography; GTV, gross tumor
volume; IMRT, intensity-modulated
radiation therapy, MRC, Medical
Research Council; PTV, planning
target volume.
a Data are presented as number
(percentage) of patients unless
otherwise indicated.
bχ2 Test.
c Percentages do not sum to 100%
because of approximation.
dWilcoxon rank sum test.
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0.46-0.85months;P = .003), andmedianmetastatic progres-
sion-free survival was 40 months (95% CI, 24 months to not
reached) inpatientswithstage I to IIdiseasevs 16months (95%
CI, 14-19months) in patients with stage III disease (HR, 0.58;
95%CI,0.42-0.79;P < .001). These results andadditional out-
come data are shown in the Figure and Table 3.
Thedifference inOSbetweenpatientswith stage I to II dis-
ease and those with stage III disease was upheld irrespective
of trial arm (eFigure, A and B in Supplement 2). However, in
patientswith stage I to II disease, therewas no significant dif-
ference inOSbetweentrial arms (medianof39months inonce-
daily vs 72 months in twice-daily arm; P = .38) (eFigure, C in
Supplement 2). Similarly, there was no difference in OS be-
tween patients with stage I to II disease staged with or with-
out FDG-PET (median of 50 months vs 40 months; P = .69)
(eFigure, D in Supplement 2).
The optimal number of fractions, as defined per protocol
(30 fractions in the twice-daily arm and 33 in the once-daily
arm),27were delivered in 69 patients (80.2%) in the stage I to
II groupand314patients (74.2%) in thestage III group (P = .60).
There were no significant differences in the delivered radio-
therapy dose (≥60 Gy to 90 [90.3%] in the once-daily arm vs
≥44Gy to 362 [85.6%] in the twice-daily arm;P = .11) (eTable 5
in the Supplement 2),minimumplanning target volumedose
(90.0%vs87.5%;P = .05) (Table2),ordeliverednumberofche-
motherapy cycles (4 cycles in 55 [64.0%] vs 247 [58.4%] and
6 cycles in 6 [7.0%] vs 89 [21.0%]; P = .98) (Table 1) between
patients with stage I to II disease and those with stage III
disease.
Apart fromasignificantly lower incidenceofacuteesopha-
gitis in patientswith stage I to II disease comparedwith those
with stage III disease (grade ≥3, 9 [11.3%] vs 82 [21.1%];
P < .001), the incidences of acute and late treatment-related
toxic effects were not significantly different between the 2
groups (eTables 6 and 7 in Supplement 2).
Discussion
Limited-stage SCLC prognosis is poor, with modest survival
improvement during the past decades mainly because of
Figure. Overall Survival and Local andMetastatic Progression-Free
Survival in the 2 Groups
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Table 3. Comparison of Outcomes Between the 2 Groups
Outcome
Survival, % (95% CI)
Log Rank P
Value
Patients With
Stage I-II Disease
Patients With
Stage III Disease
Overall survival, y
1 83 (75-91) 79 (75-83)
.001
2 64 (54-75) 51 (46-56)
4 51 (42-64) 32 (27-37)
5 49 (39-62) 28 (23-34)
Local
progression-free
survival, y
1 78 (70-87) 68 (63-72)
.003
2 56 (46-67) 41 (37-46)
4 47 (37-59) 29 (25-34)
5 47 (37-59) 26 (21-31)
Metastatic
progression-free
survival, y
1 74 (66-84) 62 (57-67)
<.001
2 59 (49-70) 40 (35-45)
4 50 (40-62) 29 (25-34)
5 48 (38-60) 26 (21-31)
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radiotherapy advancements andbetter integrationof chemo-
therapyandradiotherapy.33 In thisanalysis,patientswithstage
I to II SCLC achieved amedian OS of 50months, with accept-
able adverse effects after chemoradiotherapy and PCI. To our
knowledge, this is the first study reportingon stage I to II SCLC
within a randomized clinical trial in the era of modern radio-
therapy. Although our findings were expected, this analysis
may benchmark chemoradiotherapy outcome and toxic ef-
fects in stage I to II SCLC, providing information that practi-
tioners can relay to their patients to aid clinical decisions.
To our knowledge, there are no randomized data to sup-
port PET staging in SCLC. Published studies34-36 found that
FDG-PETupstages apatient proportion and is associatedwith
higher sensitivity (up to 100%)andspecificity (up to83%)com-
paredwithCT.However, these results are inconsistent.37Afew
studies38,39 also demonstrated the prognostic value of pre-
treatment tumor FDG uptake in SCLC. Recent oncology prac-
tice guidelines recommend FDG-PET staging in patients with
limited-stageSCLC.22-24 Inour analysis, 58patientswith stage
I to II SCLC (67.4%) underwent staging with FDG-PET com-
paredwith309patients (56.9%)overall inCONVERT.Wefound
no statistically significant difference in OS between patients
staged with or without FDG-PET. Pretreatment tumor FDG
uptake data were unavailable. An analysis of patients staged
with orwithout FDG-PET in CONVERTwill be reported in the
future.
The roles of surgery and chemoradiotherapy in the man-
agement of early limited-stage SCLC have been heavily de-
bated for years.40 Randomized clinical trials that established
radiotherapy over surgery41 and chemoradiotherapy over tri-
modality treatment42 in limited-stage SCLC were conducted
more than 20 years ago using currently substandard surgical
and radiotherapy techniques.43 To our knowledge, there are
no contemporary randomized clinical trials comparing che-
moradiotherapywithsurgery followedbyadjuvant therapy for
limited-stage SCLC.26 Oncology practice guidelines recom-
mendsurgical resection forTNMstageT1-2N0 (National Com-
prehensive Cancer Network23) and T1-2N0,1 only after ruling
outmediastinalnodal involvement (EuropeanSociety forMedi-
cal Oncology22). Published studies13-21 have reported the role
of surgery inpatientswith limited-stage SCLC.Becauseof dif-
ferences in patient selection, staging, and changes in surgical
and supportive care standardsover time (surgical studies span
from 1991 to 2017), it is difficult to compare our findingswith
findings from those studies.
In line with the main trial,4 there was no statistically sig-
nificantdifference inOSbetweenpatientswithstage I to IISCLC
treated with once-daily or twice-daily radiotherapy. How-
ever, this studywas not designed or powered to compare trial
arms among patients with stage I to II disease. For this rea-
son, these results shouldbe regardedasdescriptiveonly.Most
patients with stage I to II SCLC (90.7%) in this analysis re-
ceived PCI, with brainmetastasis subsequently detected in 6
patients. Two retrospective series showed that patients with
surgically resected SCLC have longer OS after PCI but not pa-
tients with stage I disease.44,45 However, a recently pub-
lished population analysis21 demonstrated that patients with
pT1-2N0M0 treated with surgery alone had worse outcomes
comparedwith thosewho receivedadjuvant chemotherapyor
chemotherapy and PCI. Cranial irradiation is associated with
long-term neuropsychological toxic effects in patients
with SCLC.46Omitting PCI could be advantageous in patients
with early-stage SCLC who are likely to live longer and expe-
rience long-term adverse effects of whole-brain radio-
therapy. Neuropsychological toxic effects data after PCI were
not collected in CONVERT.
In this trial, treatmentwaswell tolerated in patients with
stage I to II SCLC, with a low incidence of severe adverse ef-
fects. Grade 3 or higher acute esophagitis was significantly
lower in patients with stage I to II SCLC compared with pa-
tients with stage III SCLC, likely because of smaller radio-
therapy treatment volumes. None of the patients with stage I
to II diseasehadgrade 3or higher acutepneumonitis. The low
incidence of severe toxic effects is a valid rationale to con-
sider future radiotherapy dose intensification trials to im-
prove outcomes in this patient group. There were also no re-
ported treatment-related deaths among patients with stage I
to II disease.
Limitations
The main limitations of this study are the unplanned nature
of the analysis with a relatively small number of patients, es-
pecially for patients with stage I SCLC. This limitation cur-
tailed the investigation of likely prognostic covariates in pa-
tients with stage I to II SCLC, such as nodal involvement (N0
vsN1), gross tumor volume, anddelivered radiotherapydose.
Conclusions
Patients with stage I to II SCLC in CONVERT achieved long-
term survival with acceptable toxic effects after chemoradio-
therapy. Concurrent chemoradiotherapy followedbyPCImay
be considered as a treatment option in this patient group. A
randomized clinical trial is ultimately required to guide the
treatment decision between a surgical and nonsurgical ap-
proach for these patients. Innovative translational studies are
also required to discover biomarkers that could improve pa-
tient selection and delivery of personalized treatment to im-
prove patient outcomes.
ARTICLE INFORMATION
Accepted for Publication: September 7, 2018.
Published Online:December 6, 2018.
doi:10.1001/jamaoncol.2018.5335
Open Access: This is an open access article
distributed under the terms of the CC-BY License.
© 2018 Salem A et al. JAMA Oncology.
Author Contributions:Drs Salem and Faivre-Finn
had full access to all the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis.
Concept and design: Salem, Blackhall, Faivre-Finn.
Acquisition, analysis, or interpretation of data: All
authors.
Drafting of the manuscript: Salem, Mistry, Blackhall,
Faivre-Finn.
Critical revision of the manuscript for important
intellectual content: Salem, Hatton, Locke, Monnet,
Blackhall, Faivre-Finn.
Statistical analysis: Salem, Mistry.
Obtained funding: Blackhall, Faivre-Finn.
Administrative, technical, or material support:
Salem, Hatton, Monnet, Blackhall.
Research Original Investigation Chemoradiotherapy and Outcomes Among Patients With Stage I to II vs Stage III SCLC
6/8 JAMAOncology March 2019 Volume 5, Number 3 (Reprinted) jamaoncology.com
Downloaded From: https://jamanetwork.com/ by a University of Sheffield User  on 03/15/2019
Supervision: Salem, Hatton, Locke, Blackhall.
Conflict of Interest Disclosures:Drs Faivre-Finn
and Blackhall reported receiving grants from Cancer
Research UK during the conduct of this study. No
other disclosures were reported.
Funding/Support: This study was funded by grant
C17052/A8154 from the Cancer Research UK
Clinical Trials Awards and Advisory Committee;
grant NAT 2007-28-01 from the FrenchMinistry of
Health, ProgrammeHospitalier de Recherché
Clinique; grant 021039 from the Canadian Cancer
Society Research Institute; and the European
Organisation for the Research and Treatment of
Cancer (Cancer Research Fund, Lung Cancer and
Radiation Oncology Groups).
Role of the Funder/Sponsor: Cancer Research UK
reviewed and approved the study design. None of
the funders had a role in data collection, data
analysis, data interpretation, or writing of the
report.
Meeting Presentation: This study was presented
at the European Lung Cancer Conference 2017; May
7, 2017; Geneva, Switzerland.
Additional Contributions: Sanjay Popat, MD, Royal
Marsden NHS Foundation Trust (London, UK),
provided discussion of this study at the European
Lung Cancer Conference 2017 and did not receive
compensation for this contribution.
Additional Information: This study was supported
by the National Cancer Research Institute
Radiotherapy Trials Quality Assurance team (Nicki
Groom, PhD, and ElenaWilson, FRCR); the
Manchester Academic Health Science Centre
Clinical Trials Unit; Sally Falk, BSc, and Amy
Bossons, BA (CONVERT coordinators); David Ryder,
PhD (Manchester Academic Health Science Centre
Trials Co-ordination Unit statistician); the National
Institute for Health Research Christie Clinical
Research Facility; David Girling, PhD, Steve Roberts,
PhD, Christian Manegold, MD, and Robert Huddart,
FRCR (Independent Data Monitoring Committee
members); and Dirk De Ruysscher, MD, and Jason
Lester, MD (independent members of the Trial
Steering Committee). At the time of the writing of
this article, Dr Salemwas supported by the
Cambridge-Manchester Cancer Imaging Centre and
funded by grant C8742/A18097 (2013-2018) from
the Engineering and Physical Sciences Research
Council and Cancer Research UK. Dr Salem is now
supported byManchester Cancer Research Centre.
The CONVERT protocol was developed at the
ECCO-AACR-EORTC-ESMOWorkshop onMethods
in Clinical Cancer Research.
Data Sharing Statement: See Supplement 3.
REFERENCES
1. SørensenM, Felip E; ESMOGuidelinesWorking
Group. Small-cell lung cancer: ESMO clinical
recommendations for diagnosis, treatment and
follow-up. Ann Oncol. 2009;20(suppl 4):71-72. doi:
10.1093/annonc/mdp133
2. Green RA, Humphrey E, Close H, PatnoME.
Alkylating agents in bronchogenic carcinoma. Am J
Med. 1969;46(4):516-525. doi:10.1016/0002-
9343(69)90071-0
3. De Ruysscher D, Pijls-JohannesmaM,
Vansteenkiste J, Kester A, Rutten I, Lambin P.
Systematic review andmeta-analysis of
randomised, controlled trials of the timing of chest
radiotherapy in patients with limited-stage,
small-cell lung cancer. Ann Oncol. 2006;17(4):543-
552. doi:10.1093/annonc/mdj094
4. Faivre-Finn C, SneeM, Ashcroft L, et al;
CONVERT Study Team. Concurrent once-daily
versus twice-daily chemoradiotherapy in patients
with limited-stage small-cell lung cancer
(CONVERT): an open-label, phase 3, randomised,
superiority trial. Lancet Oncol. 2017;18(8):1116-1125.
doi:10.1016/S1470-2045(17)30318-2
5. Pignon JP, Arriagada R, Ihde DC, et al.
A meta-analysis of thoracic radiotherapy for
small-cell lung cancer. N Engl J Med. 1992;327(23):
1618-1624. doi:10.1056/NEJM199212033272302
6. Turrisi AT III, Kim K, Blum R, et al. Twice-daily
compared with once-daily thoracic radiotherapy in
limited small-cell lung cancer treated concurrently
with cisplatin and etoposide. N Engl J Med. 1999;
340(4):265-271. doi:10.1056/
NEJM199901283400403
7. Warde P, Payne D. Does thoracic irradiation
improve survival and local control in limited-stage
small-cell carcinoma of the lung? a meta-analysis.
J Clin Oncol. 1992;10(6):890-895. doi:10.1200/JCO.
1992.10.6.890
8. Aupérin A, Arriagada R, Pignon JP, et al;
Prophylactic Cranial Irradiation Overview
Collaborative Group. Prophylactic cranial irradiation
for patients with small-cell lung cancer in complete
remission. N Engl J Med. 1999;341(7):476-484. doi:
10.1056/NEJM199908123410703
9. Shepherd FA, Crowley J, Van Houtte P, et al;
International Association for the Study of Lung
Cancer International Staging Committee and
Participating Institutions. The International
Association for the Study of Lung Cancer lung
cancer staging project: proposals regarding the
clinical staging of small cell lung cancer in the
forthcoming (seventh) edition of the tumor, node,
metastasis classification for lung cancer. J Thorac
Oncol. 2007;2(12):1067-1077. doi:10.1097/JTO.
0b013e31815bdc0d
10. Vallières E, Shepherd FA, Crowley J, et al;
International Association for the Study of Lung
Cancer International Staging Committee and
Participating Institutions. The IASLC Lung Cancer
Staging Project: proposals regarding the relevance
of TNM in the pathologic staging of small cell lung
cancer in the forthcoming (seventh) edition of the
TNM classification for lung cancer. J Thorac Oncol.
2009;4(9):1049-1059. doi:10.1097/JTO.
0b013e3181b27799
11. Bonner JA, Sloan JA, Shanahan TG, et al. Phase
III comparison of twice-daily split-course irradiation
versus once-daily irradiation for patients with
limited stage small-cell lung carcinoma. J Clin Oncol.
1999;17(9):2681-2691. doi:10.1200/JCO.1999.17.9.
2681
12. Perry MC, EatonWL, Propert KJ, et al.
Chemotherapy with or without radiation therapy in
limited small-cell carcinoma of the lung.NEngl JMed.
1987;316(15):912-918. doi:10.1056/
NEJM198704093161504
13. Karrer K, Ulsperger E; For the ISC-Lung Cancer
Study Group. Surgery for cure followed by
chemotherapy in small cell carcinoma of the lung.
Acta Oncol. 1995;34(7):899-906. doi:10.3109/
02841869509127202
14. Lim E, Belcher E, Yap YK, Nicholson AG,
Goldstraw P. The role of surgery in the treatment of
limited disease small cell lung cancer: time to
reevaluate. J Thorac Oncol. 2008;3(11):1267-1271.
doi:10.1097/JTO.0b013e318189a860
15. Macchiarini P, Hardin M, Basolo F, Bruno J,
Chella A, Angeletti CA. Surgery plus adjuvant
chemotherapy for T1-3N0M0 small-cell lung
cancer: rationale for current approach. Am J Clin
Oncol. 1991;14(3):218-224. doi:10.1097/00000421-
199106000-00008
16. Rea F, Callegaro D, Favaretto A, et al. Long term
results of surgery and chemotherapy in small cell
lung cancer. Eur J Cardiothorac Surg. 1998;14(4):
398-402. doi:10.1016/S1010-7940(98)00203-6
17. Schreiber D, Rineer J, Weedon J, et al. Survival
outcomes with the use of surgery in limited-stage
small cell lung cancer: should its role be
re-evaluated? Cancer. 2010;116(5):1350-1357. doi:
10.1002/cncr.24853
18. Takenaka T, TakenoyamaM, Inamasu E, et al.
Role of surgical resection for patients with limited
disease-small cell lung cancer. Lung Cancer. 2015;
88(1):52-56. doi:10.1016/j.lungcan.2015.01.010
19. Tsuchiya R, Suzuki K, Ichinose Y, et al. Phase II
trial of postoperative adjuvant cisplatin and
etoposide in patients with completely resected
stage I-IIIa small cell lung cancer: the Japan Clinical
Oncology Lung Cancer Study Group Trial
(JCOG9101). J Thorac Cardiovasc Surg. 2005;129(5):
977-983. doi:10.1016/j.jtcvs.2004.05.030
20. Wakeam E, Acuna SA, Leighl NB, et al. Surgery
versus chemotherapy and radiotherapy for early
and locally advanced small cell lung cancer:
a propensity-matched analysis of survival. Lung
Cancer. 2017;109:78-88. doi:10.1016/j.lungcan.2017.
04.021
21. Yang CF, Chan DY, Speicher PJ, et al. Role of
adjuvant therapy in a population-based cohort of
patients with early-stage small-cell lung cancer.
J Clin Oncol. 2016;34(10):1057-1064. doi:10.1200/
JCO.2015.63.8171
22. FrühM, De Ruysscher D, Popat S, Crinò L,
Peters S, Felip E; ESMOGuidelinesWorking Group.
Small-cell lung cancer (SCLC): ESMO Clinical
Practice Guidelines for diagnosis, treatment and
follow-up. Ann Oncol. 2013;24(suppl 6):vi99-vi105.
doi:10.1093/annonc/mdt178
23. National Comprehensive Cancer Network.
NCCN Clinical Practice Guidelines in Oncology:
Small Cell Lung Cancer V.1. 2018. https://www.nccn.
org/professionals/physician_gls/f_guidelines.
asp#site. Accessed April 1, 2018.
24. National Institute for Health and Care
Excellence. Lung cancer: diagnosis and
management. 2011. https://www.nice.org.uk/
guidance/cg121. Accessed April 1, 2018.
25. Marr AS, Ganti AK. Resected small cell lung
cancer-what do we do next? Ann Transl Med. 2016;
4(15):288. doi:10.21037/atm.2016.05.41
26. Pietanza MC. Using a population-based
analysis to determine themanagement and
treatment of early-stage small-cell lung cancer.
J Clin Oncol. 2016;34(10):1027-1029. doi:10.1200/
JCO.2015.65.6462
27. Faivre-Finn C, Falk S, Ashcroft L, et al. Protocol
for the CONVERT trial-Concurrent ONce-daily
VErsus twice-daily RadioTherapy: an international
2-arm randomised controlled trial of concurrent
chemoradiotherapy comparing twice-daily and
once-daily radiotherapy schedules in patients with
limited stage small cell lung cancer (LS-SCLC) and
Chemoradiotherapy and Outcomes Among Patients With Stage I to II vs Stage III SCLC Original Investigation Research
jamaoncology.com (Reprinted) JAMAOncology March 2019 Volume 5, Number 3 7/8
Downloaded From: https://jamanetwork.com/ by a University of Sheffield User  on 03/15/2019
good performance status. BMJ Open. 2016;6(1):
e009849. doi:10.1136/bmjopen-2015-009849
28. World Medical Association. World Medical
Association Declaration of Helsinki: ethical
principles for medical research involving human
subjects. JAMA. 2013;310(20):2191-2194. doi:10.
1001/jama.2013.281053
29. American Joint Committee on Cancer,
American Cancer Society. AJCC Cancer Staging
Handbook: From the AJCC Cancer Staging Manual.
7th ed. New York, NY: Springer; 2011.
30. Therasse P, Arbuck SG, Eisenhauer EA, et al.
New guidelines to evaluate the response to
treatment in solid tumors: European Organization
for Research and Treatment of Cancer, National
Cancer Institute of the United States, National
Cancer Institute of Canada. J Natl Cancer Inst.
2000;92(3):205-216. doi:10.1093/jnci/92.3.205
31. The National Cancer Institute. Common
Terminology Criteria for Adverse Events version 3.0
(CTCAE v3.0). 2009. https://ctep.cancer.gov/
protocoldevelopment/electronic_applications/
docs/ctcaev3.pdf. Accessed July 21, 2017.
32. Fine JP, Gray RJ. A proportional hazards model
for the subdistribution of a competing risk. J Am
Stat Assoc. 1999;94(446):496-509. doi:10.1080/
01621459.1999.10474144
33. Govindan R, Page N, Morgensztern D, et al.
Changing epidemiology of small-cell lung cancer in
the United States over the last 30 years: analysis of
the surveillance, epidemiologic, and end results
database. J Clin Oncol. 2006;24(28):4539-4544.
doi:10.1200/JCO.2005.04.4859
34. Bradley JD, Dehdashti F, MintunMA, Govindan
R, Trinkaus K, Siegel BA. Positron emission
tomography in limited-stage small-cell lung cancer:
a prospective study. J Clin Oncol. 2004;22(16):
3248-3254. doi:10.1200/JCO.2004.11.089
35. Ruben JD, Ball DL. The efficacy of PET staging
for small-cell lung cancer: a systematic review and
cost analysis in the Australian setting. J Thorac Oncol.
2012;7(6):1015-1020. doi:10.1097/JTO.
0b013e31824fe90a
36. Thomson D, Hulse P, Lorigan P, Faivre-Finn C.
The role of positron emission tomography in
management of small cell lung cancer. Lung Cancer.
2011;73(2):121-126. doi:10.1016/j.lungcan.2011.03.013
37. Mitchell MD, Aggarwal C, Tsou AY, Torigian DA,
Treadwell JR. Imaging for the pretreatment staging
of small cell lung cancer: a systematic review. Acad
Radiol. 2016;23(8):1047-1056. doi:10.1016/j.acra.
2016.03.017
38. AktanM, KocM, Kanyilmaz G, Yavuz BB.
Prognostic value of pre-treatment 18F-FDG-PET
uptake in small-cell lung cancer. Ann Nucl Med.
2017;31(6):462-468. doi:10.1007/s12149-017-1178-z
39. Lee YJ, Cho A, Cho BC, et al. High tumor
metabolic activity as measured by
fluorodeoxyglucose positron emission tomography
is associated with poor prognosis in limited and
extensive stage small-cell lung cancer.Clin Cancer Res.
2009;15(7):2426-2432. doi:10.1158/1078-0432.CCR-
08-2258
40. Shepherd FA. Surgery for limited stage small
cell lung cancer: time to fish or cut bait. J Thorac
Oncol. 2010;5(2):147-149. doi:10.1097/JTO.
0b013e3181c8cbf5
41. FoxW, Scadding JG. Medical Research Council
comparative trial of surgery and radiotherapy for
primary treatment of small-celled or oat-celled
carcinoma of bronchus: ten-year follow-up. Lancet.
1973;2(7820):63-65. doi:10.1016/S0140-6736(73)
93260-1
42. Lad T, Piantadosi S, Thomas P, Payne D,
Ruckdeschel J, Giaccone G. A prospective
randomized trial to determine the benefit of
surgical resection of residual disease following
response of small cell lung cancer to combination
chemotherapy. Chest. 1994;106(6)(suppl):320S-
323S. doi:10.1378/chest.106.6_Supplement.320S
43. Barnes H, See K, Barnett S, Manser R. Surgery
for limited-stage small-cell lung cancer. Cochrane
Database Syst Rev. 2017;4:CD011917.
44. Xu J, Yang H, Fu X, et al. Prophylactic cranial
irradiation for patients with surgically resected
small cell lung cancer. J Thorac Oncol. 2017;12(2):
347-353. doi:10.1016/j.jtho.2016.09.133
45. Zhu H, Guo H, Shi F, et al. Prophylactic cranial
irradiation improved the overall survival of patients
with surgically resected small cell lung cancer, but
not for stage I disease. Lung Cancer. 2014;86(3):
334-338. doi:10.1016/j.lungcan.2014.09.019
46. Johnson BE, Patronas N, HayesW, et al.
Neurologic, computed cranial tomographic, and
magnetic resonance imaging abnormalities in
patients with small-cell lung cancer: further
follow-up of 6- to 13-year survivors. J Clin Oncol.
1990;8(1):48-56. doi:10.1200/JCO.1990.8.1.48
Research Original Investigation Chemoradiotherapy and Outcomes Among Patients With Stage I to II vs Stage III SCLC
8/8 JAMAOncology March 2019 Volume 5, Number 3 (Reprinted) jamaoncology.com
Downloaded From: https://jamanetwork.com/ by a University of Sheffield User  on 03/15/2019
